The new genus Eosiderastrea LÖSER, 2016, was established for Cretaceous corals formerly assigned to the extant coral genus Diploastrea. It represents the oldest member of the Family Siderastraeidae. The genus is characterised by an astreoid arrangement, occasionally although some have a plocoid or a cerioid calicular arrangement, and a sub-regular hexameral, heptameral, octameral or decameral septal symmetry. The septal blades are made of medium-sized trabeculae. Synapticulae are present. Almost a hundred specimens were examined, among them numerous type specimens. In total, 26 Cretaceous species were separated. Fifteen species were assigned to formally established species, three species were compared to one of these species, two species were described as new and the remaining six species were reported in open nomenclature. The genus occurs in the Cretaceous worldwide and ranges from the late Valanginian to the Santonian. It shows its greatest diversity in the earliest Aptian and early to middle Cenomanian. 
Introduction
was the first to identify the extant coral genus Diploastrea from the Lower Cretaceous, followed by numerous authors (WELLS, 1933; BARON-SZABO, 1993 , 1997 MORY-COWA & MASSE, 1998; BARON-SZABO & GONZÁLEZ LEÓN, 2003; summarised in LÖSER et al., 2002) . As shown by LÖSER (2016) this material cannot be assigned to Diploastrea and requires the creation of a new genus, Eosiderastrea, within the Family Siderastraeidae. In addition, it was found that numerous Cretaceous species formerly assigned to genera such as Confusastrea, Diplocoenia, Montastraea, Phyllocoenia, Placocoenia, and Siderastrea belong to this genus. The sum of all this material, mainly from localities in France, Germany, Greece, Italy, Poland, Spain and the USA, makes the genus relatively common and palaeogeographically widely distributed.
Material
The material comes from various localities. Most of them are listed, commented and provided with additional references in LÖSER et al. (2005) . Only details not reported in this publication are mentioned here. If no sample number is given, the material from the locality concerned was not available for study. Each number refers to only one specimen. BSPG 1994 XI 13, 293, 294. • Bayern, Roßstein-Almen; Branderfleck Fm; middle Cenomanian. BSPG 1947 XVI 47; BSPG 1991 X 97. - The geology, stratigraphy and coral fauna was described by LÖSER et al. (2013 
Austria

Greece
• Fokída, Mariolada, Kria Vrissi spring, east of (GR.975); early Cenomanian. ERNO L-5992.
• Kozani, Kozani, Nea Nikopolis, c4; early Cenomanian. BSPG 2003 XX 5812, 5829, 5846, 5868, 5900, 6145 .
Iran
• Esfahan, Esfahan Basin, Dizlu; late Aptian to Albian. PIUEN b45. -Geology, stratigraphy and the coral fauna was described by . 
Israel
Ukraine
• Sakarpatskaya, Lushanka river basin (UA.1003); Kamenelina Fm; late Barremian to early Aptian.
Methods
Corals were cut and polished and thin sections were prepared where possible. Microphotographs for measurements and illustrative purposes were obtained using a transparency scanner, Epson Perfection V750-M Pro, with an optical resolution of 6400 dots per inch. Their quality was improved using histogram contrast manipulation (contrast stretching) where possible. The measurements and septal counts in the descriptions are based on systematic measurements of the calicular dimensions and counts of the septa, carried out using the computer program PaleoTax/Measure (http:// www.paleotax.de/measure). The first interval for septal counts is only provided when the number of counts is higher than nine.
Species separation was carried out using distance analysis of metric data. The unweighted euclidean distance was applied as the data were very homogenous (MUCHA, 1992) . Data visualisation was done through agglomerative cluster analysis using the single-linkage method (SHI, 1993; LÖSER, 2002) . The computer program PaleoTax/Graph was applied for data processing and visualisation. Because the morphological data are not normally distributed (LÖSER, 2012) , an analysis of variance (ANOVA) would not allow distinguishing specimens or taxa. Non-parametric statistical methods would demand more data for each single coral colony that are simply not available.
The synonymy lists encompass -with a few exceptions -only samples that were available for observation. The distribution data are almost entirely based on well-examined material. Material only mentioned in the literature and material not available or insufficiently described and illustrated in the literature has not been taken into account. To obtain better insight into the distribution patterns of the genus, numerous yet-unpublished materialindicated under 'Material' by a collection acronym and sample number in parenthesis -has been included. Therefore distribution data indicated under 'Occurrence' are also provided for species remaining in open nomenclature.
For each type of measurement (calicular diameter and distance, number of septa) in one thin section the following values were obtained and/or calculated: n, number of measurements; min-max, lowest and highest measured value; µ: arithmetic mean (average); s, standard deviation; cv, coefficient of variation; µ±s, first interval.
Abbreviations in synonymy lists:
The abbreviations used in the synonymy lists follow MATTHEWS (1973): *, earliest valid publication of the species name; p, the described material belongs only in part to the species concerned; v, the specimen was observed by the author.
Systematic paleontology
Order Scleractinia BOURNE, 1900 ?Suborder Fungiina VERRILL, 1870
Remarks: The position of the family within the Suborder Fungiina is provisional. The suborder was, for a long time (VAUGHAN & WELLS, 1943 , ALLOITEAU, 1952 , WELLS, 1956 , considered to gather all corals that have perforated septa and presence of synapticulae. GILL (1981) proposed that Fungiina sensu stricto shows synapticular bars or compound synapticulae (fulturae). Former fungiid corals with pennulae (see GILL, 1967) were later separated into the Suborder Microsolenina (MORYCOWA & RONIEWICZ, 1995) , and highly perforated non-pennular corals into the Suborder Poritina (VERON, 1995) . Presently the Suborder Fungiina includes various families that differ much in their morphology but show synapticulae (not even all have perforated septa). As already mentioned by MORYCOWA & RONIEWICZ (1995) , the suborder needs profound revision. The Superfamily Thamnasterioidea is characterised by the presence of synapticulae and remains, for the time being, in the Suborder Fungiina, but a profound modification of the whole classification system of the Mesozoic Scleractinia is required to gain more consistency. Description: Cerioid, astreoid or plocoid colony. Calicular outline circular to polygonal, often slightly elongated. Septa can have pores at the inner margins. Microstructure of medium-sized trabeculae. In cross section septa (and costae) are thick at the wall and thinner towards the centre. Symmetry of septa radial, presenting hexameral, heptameral, octameral, and decameral symmetries. Cycles of septa sub-regular. Septal cycles differ in length. Generally, two septal cycles reach the centre of the calice, further cycles are shorter. Septa of the younger cycles are often attached to those of the older cycles. Septal upper border granulated, lateral face has numerous, irregularly distributed fine thorns, the inner margin is slightly swollen in places. Some septa may be attached to the columella. Costae present, nonconfluent to confluent. Synapticulae present, mainly in the wall region. Columella styliform and by septal fusion in the centre of the calice. Endotheca consists of numerous thin tabulae. Wall subcompact or absent, septothecal, with synapticulae. Coenosteum narrow in some species with isolated trabeculae from the external margins of the costae. Budding extracalicinal.
Superfamily
Remarks:
The calicular arrangement varies within the genus. Depending on the compactness of the wall and the confluence of the costae, there exist species with a cerioid arrangement (e.g., E. cuyleri), with an astreoid arrangement (e.g., E. paragrandipora) or plocoid arrangement (e.g., E. harrisi). The amount of synapticulae, which defines whether a wall exists or not, and so characterises the organisation form, varies from species to species but is constant within one specimen.
The microstructure of the septa is made of medium-sized trabeculae in the sense that the trabeculae are easily recognisable but do not give shape to the sepum (as for instance in members of the Montlivaltiidae and Synastraeidae). Small trabeculae are not visible or only as a medium dark line. The absolute size of the trabeculae depends on the thickness of septa. The septa are thicker in the Siderastraeidae than, for instance, in the very similar Thamnasteriidae because the structures are generally larger, e.g., the calices are bigger and the septa thicker in the Siderastraeidae and the individuals are smaller and the septa are thinner in the Thamnasteriidae. The trabeculae have, therefore, a differing absolute size but are in both families medium-sized, related to the thickness of septa. (1) The stratigraphy of the Iran locality is not well constrained. (2) The occurrence of the species in the Campanian is in doubt. (3) The stratigraphy of the Palestine locality is not well constrained.
Septa
Smaller Species separation: The distinction of species in Mesozoic scleractinian corals is almost entirely based on (1) the dimensions of the corallites, the distance of the corallites and the width of calicular rows in meandrinoid corals respectively, (2) the number of regular septal systems (if present) and (3) the number and/or density of the septa (LÖSER, 2012). The specimens assigned to Eosiderastrea offer a wide range of numerical morphometric data: The larger and smaller inner and outer calicular diameters, the calicular centre distances, septal symmetry, absolute number of septa and the number of septal cycles. To find out which of these characteristics are most suitable for the separation of taxa, the calicular dimensions were systematically measured in all available samples and the septa counted. The highest available number of measurements and counts were obtained. The results (for details refer to the species) show that the most constant character within a colony is septal symmetry, which is the same for all individuals in a colony. Hence, the number of septa also shows a certain variation, as the number of septa increases constantly with increasing calicular diameter. So the septal cycles are not regular. Among the calicular dimensions the distance of calicular centres shows the highest variation. The inner (larger and smaller) calicular diameter can only be measured when a wall is clearly marked, which was not the case for all the specimens. However, the outer calicular diameter (smaller and larger) can be obtained for all specimens. Generally, smaller and larger calicular diameters were distinguished in all colonies. The smaller calicular diameter has a lower variation. It was also found that the absence or presence of even an incomplete wall, which defines whether the colony is astreoid or plocoid, is constant within one colony and was included in the analysis. For species separation, the septal symmetry, the number of septal cycles, the smaller outer calicular diameter, the distance of calicular centres and the absence or presence of a wall were used.
Other differences, such as the fine structure of the corallite wall, the formation of the columella, the coenosteum, or differences in the number and arrangement of synapticulae and dissepiments vary within one colony considerably, and are often difficult to observe and to quantify. The variation of the thickness of the septa is low. Remarks: The material provides a very rare case of heptameral symmetry. The calices are in a plocoid arrangement. The costae show all types of confluence. The septa appear in three septal cycles. A wall is present but incomplete. The material encompasses three syntypes that seem to be conspecific. There is one thin section that is poorly preserved. Remarks: Based on the illustrations of KUZ-MICHEVA (1980), the species seems to be mainly astreoid with confluent or sub-confluent septa and an incomplete wall. The symmetry seems to be hexameral with four cycles. The material from Texas is not well preserved and the thin section is very small, which makes systematic measurement almost impossible. In terms of its dimensions it is slightly larger than the material described by KUZMICHEVA. 
Remarks:
The species shows an astreoid calicular arrangement with mainly non-confluent costae. The septa show decameral symmetry and three cycles. A wall does not exist. The species is well documented; therefore, it is not necessary to reiterate the type material.
Occurrence: Lower Hauterivian (Radiatus Zone) of France (Yonne) Gy-l'Evêque, fields SW Gy-l'Evêque; lower Aptian of France (Vaucluse) Ventoux Mts, combe des Glacières; Poland (Malopolskie, Wadowice) Lanckorona, Jastrzebia. Remarks: The lectotype of the species is poorly preserved and does not allow for the preparation of thin sections (see LÖSER, 2006, for details). Therefore, the species is not well defined. The Hauterivian material shows a more plocoid calicular arrangement with sub-confluent costae. The wall is incomplete. The septal symmetry is octameral. Remarks: The astreoid species has large dimensions. The septal symmetry is hexameral with four complete cycles and the beginnings of a fifth one. A wall is practically absent, and the costae are mainly non-confluent. Remarks: The holotype of E. hilli is a small specimen that almost does not allow for the measurement of significant morphometric values. The species has six septal system with three septal cycles. It is clearly plocoid, occasionally with confluent costae. A wall is present. Only the type specimen is known. Specimen TMM 1448 TX1 is very similar to the holotype of E. hilli but clearly has larger dimensions. It is, as with E. hilli, a plocoid form with confluent to sub-confluent septa. A wall is present. The septa show hexameral symmetry in three cycles. 
Eosiderastrea cuyleri (WELLS, 1932)
Occurrence
Diagnosis:
Eosiderastrea with an astreoid calicular arrangement, non to sub-confluent costae and septa in hexameral symmetry with four septal cycles (43 to 51 septa in the holotype).
Description: Astreoid colony. Calicular outline circular to polygonal. Septa are compact. In cross section, the septa (and costae) in the wall are thick, thinning towards the centre. Symmetry of septa radial is hexameral with subregular cycles. Septal cycles differ in length. Generally, two septal cycles reach the centre of the calice, further cycles are shorter. Septa of the last cycle are often attached to those of the third cycle. Septal upper border granulated, lateral face with numerous, irregularly distributed fine thorns, inner margin slightly swollen in places. Costae present, non-confluent to confluent. Synapticulae present, but not common, mainly in the wall region. Columella by septal fusion. Endotheca consists of numerous thin tabulae. Wall absent. Coenosteum narrow. Budding extracalicinal. Comparisons: In its calicular dimensions the new species is comparable to E. dollfusi, which clearly shows a wall. It is similar to E. grandipora but has smaller dimensions.
Occurrence: Lower Cenomanian (Mantelli Zone) of Germany (Nordrhein/Westfalen) Mül-heim/Ruhr, Kassenberg; lower Cenomanian of Greece (Kozani) Kozani, Nea Nikopolis; lower Cenomanian (Dixoni Zone) of Spain (Cantabria, Santander) Cobreces, Luaña playa; uppermost Cenomanian (Juddi Zone) of France (Aude) Les Corbières, Sougraigne, Prat-Périé. Remarks: E. reussi is a problematic species because it has never been properly recognised. The holotype is small and has a polished surface on only one calice. Additional material has been difficult to obtain. The species seems to be extremely rare in the Santonian of the Gosau Valley. All the specimens from the GPSL Felix collection are small, only the MHE sample allowed some modest statistical analysis of the species. E. reussi is the species with the largest dimensions. The calicular arrangement is astreoid, the costae are non-confluent and the septal symmetry is hexameral with four septal cycles.
Eosiderastrea reussi (MILNE EDWARDS
Occurrence: Coniacian to Santonian of Austria (Oberösterreich) Gosau basin. Santonian of Austria (Salzburg) Rußbach, Zimmergraben and Neffgraben; Austria (Oberöster-reich) Gosau, Wegscheidgraben.
Eosiderastrea splendida (PREVER, 1909)
(Pl. 5, figs. 6-7)
Material: PU 17993.
Synonymy:
* Remarks: There is only the small and poorly preserved type specimen known. It is a plocoid colony with non-confluent costae. The septal are arranged in octameral symmetry forming four septal cycles with about 60 to 65 septa. Due to the poor state of the preservation, precise septal counts are difficult to make. Origin of the name: Named after Stefan GÖTZ who in 2007 initiated the massive re-collection of fossils (mainly corals) at the type locality and who invited me to revise the corals (which are the subject of a paper in progress).
Occurrence
Holotype: BSPG 2007 V 61.
Material studied: Holotype, six further specimens (BSPG 1947 XVI 47, 2003 XX 6145, ERNO L-5614, MHNLM 2003 .1.7593, 2003 , NHM R43455; 7 thin sections.) from different localities.
Type locality: Spain, Cantabria, Santander, Cobreces, Luaña playa. 43°23'46"N 4°12'56"W (WGS 84).
Type level: Cretaceous, lower Cenomanian, Dixoni Zone.
Diagnosis:
Eosiderastrea with an astreoid calicular arrangement, sub-confluent costae and septa in decameral symmetry with three septal cycles (41 to 46 septa in the holotype).
Description: Astreoid colony. Calicular outline circular. Septa have a few perforations at the inner margins. In cross section the septa (and costae) in the wall are thick, thinning towards the centre. Symmetry of septa radial is decameral with sub-regular cycles. Septal cycles differ in length. Generally, two septal cycles reach the centre of the calice, the third cycle is shorter. Septa of the third cycle are attached to those of the second cycle in places. Septal upper border granulated, lateral face with numerous, irregularly distributed fine thorns, inner margin smooth. Costae present, non-confluent to confluent, but rather non-confluent. Synapticulae not common. Columella by septal fusion. Endotheca consists of a few thin dissepiments. Wall absent. Coenosteum narrow. Budding extracalicinal.
Comparisons:
The new species is only comparable to E. felixi; however, it differs due to the absence of a wall. E. tanohatoensis, to which the material was formerly assigned, is now assigned to E. felixi. Remarks: E. vaughani is the species with the smallest dimensions. The species is characterised by an extremely extended coenosteum and a high amount of synapticulae in the coenosteum. The specimen 1454TX1 is very similar to the type of E. vaughani but has smaller dimensions. It also shows a more extended coenosteum and more synapticulae than other specimens. The locality of the latter specimen is indicated as 'Texas, Travis County, Pilot Knob, north rim, with an early late Campanian age. This locality is doubted. Material from the Pilot Knob was available for study, also in thin sections, and all the coral specimens were much more poorly preserved. The lithology of the TMM 1454TX1 is more similar to corals from the upper Aptian or lower Albian outcrops in Texas.
Occurrence
Occurrence: Middle Albian (Lautus Zone) of USA (Texas) Kerr County, Kerrville, Hiram Hall Ranch.
Eosiderastrea villaltai
(REIG ORIOL, 1991) (Pl. 6, Material: BSPG 1994 XI 13, 292, 293, 294, 53, BSPG 1996 VI 2, BSPG 1997 Remarks: The species forms astreoid colonies that possess no wall. The septa are nonconfluent. The symmetry is octameral with three to four septal cycles. In its dimensions, it is comparable to E. splendida but differs by the absence of a wall. Remarks: This astreoid form shows octameral symmetry with a strong bilateral component. It is most similar to Siderastraea, but the wall is incomplete and very weak. The septal microstructure is partly preserved. The columella is made up of a group of isolated trabeculae, which is rarely visible in other species. Remarks: This species shows an astreoid calicular arrangement with non-confluent septa. A wall does not exist. The septal symmetry is probably decameral with almost four cycles.
Occurrence: Lower Cenomanian (Dixoni Zone) of Germany (Sachsen) Meißen-Zscheila, Trinitatis church. KUZMICHEVA (2002, Pl. 27, fig. 5 ) depicts a specimen from the upper Aptian of Uzbekistan, Hemiporites jacobi, that clearly belongs to Eosiderastrea but cannot be assigned to any species. The indicated magnification factor (2x) would indicate a smaller outer calicular diameter of more than 10mm. The symmetry is hexameral with three cycles of septa. Since the number of septa generally increases with the calicular diameter (see Table 1 ), the indicated magnification is in doubt. The same applies to the material presented by BARON-SZABO (1993, Pl. 4, fig. 6) as Diploastrea harrisi; the measured small calicular diameter of seven to eight millimetres does not coincide with the comparably low number of septa (32).
FURTHER MATERIAL
Baryphyllia gasseri REIG ORIOL, 1995, from the lowermost Albian of East Iberia may belong to Eosiderastrea, but the type is small and has neither a polished section nor thin sections.
Discussion
Species separation: To cross check the taxonomic assignments and to identify possible synonyms, the co-occurrences of the taxa in palaeo-provinces (see LÖSER & MINOR, 2007) were correlated resulting in a correlation dendrogram (Fig. 1) . Highly correlated species with comparable morphological characteristics (septal systems, calicular dimensions) could be synonymous. A high palaeobiogeographic correlation was seen in the following species: figure 3 . The STRESS value is relatively high due to the low number of occurrences in comparison to the high number of species.
• E. grandipora and the new species E. paragrandipora: both species differ clearly in their calicular dimensions. 
Stratigraphic distribution:
The genus diversified during the earliest Hauterivian but is not present from there to the early Barremian (Fig. 2) . From the early Barremian onwards, the genus was rich in species, surprisingly also in the Albian. Coral faunas from this age are poorly represented in the Tethys but common in the Western Atlantic, where most species of this age are derived. There is a gap again in the late Albian, but the genus reached its highest diversity in the early to middle Cenomanian, with a drop in the late Cenomanian. One last species is known from the Santonian. The gap in the Turonian and Coniacian is probably due to a lack of available collections. The genus is widely distributed throughout clastic and carbonatic sediments. It seems to be more common in clastic sediments but this may be also due to a sample bias because corals are more difficult to obtain from massive limestones and can be more easily collected from clastic sediments.
Palaeobiogeography:
The genus shows an almost worldwide distribution, being most abundant in the Tethys and less abundant in the Western Atlantic and Western Pacific, except for the Albian when coral faunas were more common in the Western Atlantic than in the Tethys. No clear palaeobiogeographic relationships exist (Fig. 3) . The number of species is high, but the number of specimens (and therefore occurrences) is comparatively low, which makes a correlation difficult. A certain correlation of provinces with the same age can be observed. A multidimensional scaling analysis (based on a correlation of the absence or presence in palaeo-provinces) for all occurrences (Fig. 4) also shows a correlation between species that co-occur in the same stages, in general in the Cenomanian and Barremian to Aptian. A more detailed palaeobiogeographic analysis is difficult to provide because of the low amount of data.
Evolution:
There is an interesting tendency for an increase in calicular diameter during the Cretaceous. The species with small diameters occurred predominantly during the Hauterivian to Aptian; while species wither larger dimensions occurred mainly during the Cenomanian and the Santonian. With the increasing size of the corallites, the number of septa also increased, so the species with the highest number of septa are mainly found in the early Late Cretaceous.
